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Abstr act. Selection of players for a high performance cricket team within a 
finite budget is a complex task which can be viewed as a constrained multi-
objective optimization problem. In cricket team formation, batting strength and 
bowling strength of a team are the major factors affecting its performance and 
an optimum trade-off needs to be reached in formation of a good team. We 
propose a multi-objective approach using NSGA-II algorithm to optimize 
overall batting and bowling strength of a team and find team members in it. 
Using the information from trade-off front, a decision making approach is also 
proposed for final selection of team. Case study using a set of players auctioned 
in Indian Premier League, 4th edition has been taken and player’s current T-20 
statistical data is used as performance parameter. This technique can be used by 
franchise owners and league managers to form a good team within budget 
constraints given by the organizers. The methodology is generic and can be 
easily extended to other sports like soccer, baseball etc. 
1   Introduction 
Formation of a good team for any sports is vital to its success. Team selection in most 
sports is a subjective issue using commonly accepted notions to form a good team. In 
this work we have taken game of cricket as an example to demonstrate applicability 
of multi-objective optimization methodology to subjective issue of team formation 
from a set of players using available statistics. Cricket is a game played between two 
teams of 11 players where one team bats, trying to score as many runs as possible 
while the other team bowls and fields, trying to limit the runs scored by the batting 
team [1, 4]. Batting and bowling strength of a team are the major criteria affecting its 
success along with many other factors like fielding performance, captaincy, home 
advantage etcetera. We have explored the problem of building a ‘good’ team out of a 
set of players given the past performance statistics and suggested a new methodology 
from the perspective of multi-objective genetic optimization. Optimization studies 
have been done in many sports [6, 9, 11], and also has been done in various fields in 
cricket [10,12]. Just as in most league competitions a pool of players is provided as an 
input along with their performance statistics. Each player is paid a certain amount of 
money by the team owners for playing for their team, which we refer to as player’s 
cost. League organizers impose an upper limit on budget for each franchise/club to 
avoid giving undue advantage to rich franchises. Player cost is either fixed by 
organizers as salary, decided through auction or determined by some form of contract 
agreement. We have considered Indian Premier League (IPL) as a test case for our 
analysis. IPL is a professional league for T-20 cricket competition in India. As of 
now, not much literature is available for any team selection methodology in cricket. In 
IPL, the franchise managers have the task of building a good team within budget cap. 
Individual players are bought by the franchises during a public auction of the players. 
Since the total number of players in the market pool is large, the challenge of finding 
the optimal teams becomes increasingly complicated and common sense methods, 
mostly employed, may fail to give a good team. Data used for this work (uploaded on 
[2]) has a pool of 129 players from IPL 4th edition. We have used performance 
statistics of each player in international T-20. The need of an effective optimization 
technique can be justified by rough calculation of the size of the decision space. From 
the given data of only 129 players from IPL-4 auction, containing 10 captains and 15 
wicket-keepers, the total number of possible teams under the constraints of at least 
one wicketkeeper and one captain is as follows   𝑇𝑜𝑡𝑎𝑙 𝑇𝑒𝑎𝑚𝑠 =  ( 𝐶110 ) ( 𝐶115 )( 𝐶9127 ) 
Considering the large number of different possible team combinations (order of 1015), finding optimal teams under the added constraint of budget is not trivial. 
Currently most of the team selections are done using different heuristics or greedy 
algorithms. Usually, two or three high performance batsmen or bowlers are picked 
and the remaining team slots are filled according to budget constraints. But, this 
approach may not always give an optimal solution since matches are won by team 
effort. In such scenarios, overall quality of team may be poor. For example, a team 
with the best bowlers in the world may not win due to their inability to chase even a 
small target due to their poor batting performance. Hence, our aim is to investigate 
formation of an overall optimal team. 
2   Strategy and Optimization Methodology 
In cricket, player statistics has multiple parameters like number of matches played, 
total runs made, strike rate, number of wickets taken, number of overs bowled etc. It 
is important to identify those statistical parameters which reliably indicate player’s 
performance. The overall aim of a franchise is to build a team of 11 players with 
optimum bowling, batting as well as fielding performance within budget and rule 
constraints. Rule based constraints like presence of at least one player capable of 
wicket-keeping or maximum 4 overseas players in playing 11 also have to be taken in 
account. Considering the large amount of statistical data denoting various cricketing 
attributes that is available for each of the players, we first tend to reduce the 
dimension of data. One approach can be to use standard batting and bowling rating of 
cricketers obtained after exhaustive statistical analysis. Such ratings like the ICC 
world cricket rating [5], takes into account multiple factors of performance. But, such 
a rating system is currently available only for one day and test matches, so, we cannot 
apply it for T-20 format. For simplicity, we have used batting average and bowling 
average of a player in international T-20 cricket as a measure of their performance in 
batting and bowling. 
 
Now, we redefine the team selection as bi-objective optimization problem as follows: max
𝑡={𝑐,𝑤,𝑝1…𝑝9} � 𝐵𝑎𝑡𝑡𝑖𝑛𝑔 𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒(𝑖)
𝑖=𝑐,𝑤,𝑝1…,𝑝9  max
𝑡={𝑐,𝑤,𝑝1…𝑝9} � 𝐵𝑜𝑤𝑙𝑖𝑛𝑔 𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒(𝑖)
𝑖=𝑐,𝑤,𝑝1…,𝑝9  
The team is subject to the constraints 
� 𝐶𝑜𝑠𝑡(𝑖)
𝑖=𝑐,𝑤,𝑝1…𝑝9 < 𝑇𝑜𝑡𝑎𝑙 𝐵𝑢𝑑𝑔𝑒𝑡 
where, 𝑡 represents a team comprising of 𝑐, the captain of the team, 𝑤, the wicket 
keeper of the team, 𝑝1 … 𝑝9, the other 9 players of the team.  
 
After problem formulation, we run multi-objective genetic optimization over the team 
using the elitist non-dominated sorting genetic algorithm (NSGAII) [8]. The players 
are sorted according to player cost and each player is assigned a unique integer 
number (tag). A team is represented as a chromosome of 11 real variables with each 
variable denoting the tag of the players present in the team. Fitness values of each 
population member (i.e. team) is evaluated as the total bowling strength and total 
batting strength as explained in Sec. 3. Also, the maximum total budget constraint is 
mentioned as a constraint for the total cost of the team. Additional constraints include 
that no two players of the team can be same i.e. duplicates not allowed. IPL specific 
rules are also taken as constraints i.e. a maximum of four foreign players can be taken 
into the squad. 
3   Per formance Measures 
3.1   Batting Per formance 
A player’s batting average is the total number of runs scored divided by the number of 
times he has been out [1]. Since the number of runs a player scores and how often he 
gets out are primarily measures of his own playing ability, and largely independent of 
his team mates. Thus, batting average is a good metric for an individual player’s skill 
as a batsman. The objective function in our analysis has been taken as the summation 
of batting averages of all players. The problem with this approach is that some new 
players, even bowlers, may have batting average comparable to few of the best 
established batsmen due to good performance in few matches played. Hence, to avoid 
this scenario, the concept of primary responsibility of a player is used. A player is 
identified as a batsman only if he has scored at least 300 runs in international T-20 
format. In calculation of team batting performance, the batting average of players 
identified as batsmen are only added to find net batting average. This condition is 
used in order to exclude batsmen who have not played enough games for their skill to 
be reliably assessed. So the overall batting average of team is maximized. 
3.2   Bowling Per formance 
A bowler’s bowling average is defined as the total number of runs conceded by the 
bowlers divided by the number of wickets taken by the bowler. So, the lower average 
is better. Again to avoid including misleading high or low averages resulting from a 
career spanning only a few matches, we qualify a player as bowler only if he has 
taken at least 20 wickets in T-20 format. Total bowling average of a team is taken as a 
measure of bowling performance and is minimized. Using such a strategy in 
optimization, results in exclusion of all bowlers from a team so that net bowling 
average of team goes to zero. Hence an artificial penalty bowling average for all non-
bowlers needs to be added to the objective function. For our simulations, we have 
taken the bowling average of all non-bowlers as 100. This value is chosen to be worse 
than the bowler with highest bowling average.  
3.3   Other  per formance measures 
Final team selection from the trade-off front may require various other measures 
as explained in Sec. 5. The captaincy performance of a player is calculated as fraction 
of matches won out of the total number of matches played in the role of captain. It is 
also an important criterion in decision making process. Similarly, a player’s fielding 
performance is measured by 
𝑃𝑙𝑎𝑦𝑒𝑟′𝑠 𝐹𝑖𝑒𝑙𝑑𝑖𝑛𝑔 𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 =  𝑇𝑜𝑡𝑎𝑙 𝐶𝑎𝑡𝑐ℎ𝑒𝑠 𝑇𝑎𝑘𝑒𝑛
𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐼𝑛𝑛𝑖𝑛𝑔𝑠 
 
Team’s net fielding performance is summation of all individual players fielding 
performance. Number of stumping by a wicketkeeper can be taken as his wicket 
keeping performance measure. 
4 Bi-objective Optimization Results 
Here we present the simulation results of the above mentioned algorithms applied on 
our player database. The budget constraint is taken as 6 million. At least one 
wicketkeeper, one captain and maximum four foreign players can be included in the 
squad. Fig. 1 shows the Pareto-optimal front obtained. Each point on the Pareto-
optimal front represents a team of 11 players. Few solution teams corresponding to 
points marked on the Pareto-optimal front are shown in table. The right extreme of 
Pareto-optimal front shows teams with very good overall batting averages while left 
extreme shows bowling dominant teams with low net bowling average. 
 
 
Figure 1 - Bi-objective trade-off front. CSK team is outper formed by Teams B 
and C on batting and bowling per formances 
 
To compare our results with common sense team selection methods we took the 
playing 11 cricketers of Chennai Super Kings (CSK), the franchise which won the 
finals in IPL-4. The bowling and batting fitness of the team was calculated using rules 
defined above along with total budget. The point representing CSK team is shown in 
Fig. 1. The total cost of CSK playing 11 members is estimated to be around 7.5 
million. It can be seen that the team is non-optimal as well as costlier. Similar results 
were found for other franchise also.  
 
4.1 Budget Sensitivity Analysis 
 
To analyze the effect of budget constraint on team’s performance we have done a 
sensitivity analysis where the optimization process is run for a range of budget 
constraints and Pareto-optimal front is plotted each time. It is seen from the Fig. 2 that 
budget constraint affects batting dominant teams more than bowling. This is because 
the price difference among batsmen with high batting average and those with low 
average is significant. The same effect is not observed among bowlers. It also ceases 
to significantly affect Pareto-optimal front above a limit. Such an analysis can guide 
the team owners when actual prices of players are variable and the optimization is 
done using maximum estimated price of each player. 
 
Figure 2 - Budget Sensitivity Analysis 
5 Team Selections 
The objective of the entire process is to obtain a single team of 11 members rather 
than a set of teams. Hence multi-criteria decision making methods need to be 
employed which helps in selecting any single team from the given set of mutually 
non-dominated teams on the trade-off front. After the initial optimization analysis, we 
get a Pareto-optimal front as shown in Fig. 1. Now the following method is proposed 
for the final team selection. 
 
5.1 Knee Point Approach 
Obtained trade-off front comprises of a set of points in the objective space 
representing various teams. For the given problem, we prefer selecting the team 
represented by a knee point present in the knee region of the Pareto-optimal front. 
Such a region is preferred because deviating from the knee region by a small change 
in the value of one of the objectives will compromise a large change in the value of 
the other objectives. Knee point can be identified by various methods [7]. Team C and 
Team B shown in Fig. 1 are taken as the knee points and corresponding teams are 
shown in Table 1. 
Table 1.  Four teams chosen from the trade-off front (Fig. 1) obtained by NSGA-II.  
Team A Team B Team C Team D 
Sachin Tendulkar Yuvraj Singh Yuvraj Singh Yuvraj Singh 
Michael Hussey Nathan McCullum JP Duminy R Ashwin 
Manoj Tiwary Manoj Tiwary Sudeep Tyagi Sudeep Tyagi 
Rahul Dravid Ravindra Jadeja Ravindra Jadeja Nathan Rimmington 
Suresh Raina Suresh Raina Suresh Raina Paul Collingwood 
Shaun Marsh James Franklin James Franklin Steven Smith 
Wriddhiman Saha Wriddhiman Saha Wriddhiman Saha Wriddhiman Saha 
Aaron Finch Brad Hodge Brad Hodge Pragyan Ojha 
Andrew McDonald Andrew McDonald Andrew McDonald Shakib Al Hasan 
Shikhar Dhawan Shikhar Dhawan Jaidev Unadkat Jaidev Unadkat 
Naman Ojha Amit Mishra Amit Mishra Amit Mishra 
 
 The resultant team obtained shows a reasonable compromise between batting and 
bowling performance as compared to Team A and Team D. Since knee point is not 
clearly defined in the Pareto-optimal front obtained in this analysis hence we select 
points in the approximate knee region and apply further selection analysis to them. 
The knee point approach does not take into account many other factors which define a 
good team like fielding performance, wicketkeeper performance, expenditure, brand 
value of players, captain’s success rate etcetera. To take into account such factors we 
take the solution set obtained from knee region analysis and calculate their fitness 
values on all such measures. New fitness value on all such factors is assigned to each 
team. The factors are sorted in order of importance. For example, fielding 
performance may be most important criteria among the other aspects mentioned 
above in our team selection strategy. So, we sort the solution set with respect to 
fielding performance and pick the solution having the best fielding side. If some other 
factor is also to be taken into account then we can apply in a lexicographic manner. A 
domination approach can also be followed. After picking a few teams from original 
non-dominated set with high fielding performance we shall then sort them according 
to other important factors, say, captaincy performance or brand value of players. 
Hence the team with good captain can be selected or a team with branded players can 
be chosen. If all preferences are exhausted and still more than one team is present in 
the final pool, we can get back to the expenditure criteria where the cheapest team 
will be preferred. Taking fielding, wicket-keeper and captain as the criteria for further 
analysis, the solution team obtained from knee region is mentioned below: 
Suresh Raina, Wriddhiman Saha, Yuvraj Singh, Manoj Tiwary, Roelof van der 
Merwe, Amit Mishra, Brad Hodge, Shikhar Dhawan, Nathan McCullum, Andrew 
McDonald, Ravindra Jadeja 
 
Using different criteria different teams can be obtained as per the requirement of 
attributes. The above is just an example of a good team obtained by our systematic 
analysis. 
6 Conclusions 
We have proposed a new methodology for objective evaluation of cricket team 
selection using a bi-objective genetic algorithm. An analysis of the obtained trade-off 
solution has been shown to result in a preferred team that has been found to have 
better batting and bowling averages than the winning team of the last IPL tournament. 
Such a methodology can be extended to include many other criteria and constraints 
and a better pragmatic team can be selected by the systematic procedure suggested in 
the paper. A standard methodology for team selection can be developed by integrating 
this approach with statistical analysis and using a dynamic optimization technique to 
be applied in auction. Abstract factors like team coordination etc. can also be used for 
decision making process. Nevertheless, the procedure suggested in the paper clearly 
demonstrates the advantage of using a bi-objective computing methodology for the 
cricket team selection in major league tournaments. The proposed methodology now 
needs some fine tuning based on other criteria for it to be used in practice. 
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